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INTERROG. AT@R\-R_;SP@NDER SIGNALLING
SYSTEM
Roberi A, Kleist, Woodiand Hills, and Jehn Scarbrough,
Palo Alto, Calif,, assignors to General Piecision, Inc.,
Binghamten, N.Y., a corporation ¢f Delawsre
Filed Jaun. 16, 1962, Ser. No. 166,585
8 Claims. (Ci. 343-—5.5)

This invention relates to communication systems where-
in a passive responder device will respond to a signal
generated by an interrogator station and will generate a
coded response signal which will uniquely identify the
responder device.

A co-pending patent application, Serial MNo. 739,909,
filed June 4, 1958, now Patent No. 3,054,100, issued Sep-
tember 11, 1962, by Clarence S. Jones, entitled “Signailing
System,” and assigned to the same assignee as the instant
invention discloses a basic interrogator-responder system
capable of transmitting data between an interrogator sta-
tion and one or more passive responder devices which are
movable into a magnetic or inductive field established by
the interrogator station. A further co-pending patent
application, Serial No. 39,285, eatitled “Interrcgator-
Responder Signalling System,” filed June 28, 1960, by
Robert A. Kleist, and assigned to the same assignee as
the instant invention, discloses an improved single side-
band interrogator system for identifying véhicles which
pass along a pre-determined track or route. For example,
a city bus carrying a responder device or response block
may approach and pass over an interrogaior lozation
having tansmifter and receiver antenna loops embedded
in the paving of a street. A coded response signai from
the responder device may be received at the interrogator
station and passed to a remote central office whereupon
the identity of a bus passing a pariicular interrogator loca-
tion will become known as the central office. Apparatus
of the above described type has been marketed under the
trademark “Tracer” by the assignee of this application.

An interrogator-responder signalling system may in-
clude several interrogator locations spaced along the
several bus routes or tracks of a transportation system,
and the identification data received from the various
interrogator locations may be passed to a single computer
at the central office location. Such a syst€m requires
communication channels for passing data from the varisus
interrogator locations, and the cost of communication
channels constitutes a major part of the cost of operation
of the system. It is therefore desirable that several inter-
rogator stations be coupled to share a common telephone
line or other communication channel to the central office.
Such an arrangement requires that the various interrogator
receivers provide an unique identification signal over the
communication channel such that the computer at the
central office may identify the specific interrogator loca-
tion in addition to the particular responder device which
is being carried by a vehicle past that interrogator loca-
tion. It is also desirable that another unique signal be
passed to the central office computer to indicate the direc-
tion of travel of the vehicle past the interrogator location.

It is an object of this invention to provide an improved

interrogator-responder signalling system for passing coded
response signals which will (1) uniquely identify the
responder device and the vehicle carrying the responder
device, (2) uniquely identify the receiver and the inter-
rogator location through which the vehicle is passed, and
(3) indicate the direction of travel of the Vehlcle in
passing the interrogator location.

Another object of this invention is to provide a trans-
mitter and receiver inductive Ioop configuration which is

capable of simultancously receiving two similar response

signals each of which may be coded to provide a part of
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the vehicle identification, and which may further provide
an indication of the direction of travel of the vehicle by
a determination of which of the two response signals is
first received.

Numerous other objects and advantages will be apparent
throughout the progress of the specification which follows.
The accompanying drawings illustrate a certain selected
embodiment of the invention and the views therein are as
follows:

FIGURE 1 is a schematic diagram of the interrogator-
responder system of this invention including a plan view
of the inductive loop arrangement in the path of vehicles
to be interrogated;

FIGURE 2 is a diagram of a double respouse block
or passive responder device which may. be.carried by a
vehicle to be identified;

FIGURE 3is a verucal section taken along the plane
3—3 of FIGURE 1 and indicating the response charac-
teristics of the receiver loops of this, invention;

FIGURE 4 is a complete circuit dlaoram of eacn of the
recéivers A and B which are shown in block form in
FIGURE 1;

F IGURE 5 is a complete circuit _diagram of the switch
and gate circuits and difference f Lrequency ‘generafing cir-
cuits which are shown as blocks in FIGURE 1; and

FIGURE 6 is the circuit dlagxam for a frequency»
chnngmg circuit shown as a .block in FIGURE 1.

Briefly stated, according to a preferred embodxm.,m
of this invention, an interrogator signal comprising a
cdrrier frequency and a plurality of sideband frequencies
is transmittéd by a rectangalar conductive lcop i1 em-
bedded in the paving of a street. A pau of receiver loops
12ZA and 1ZB are hkewme embedded in the paving in an
overlappmg qrrangerlent ‘with the transmitter loop 11.
The receiver loops 12A and 12B essentially define three
areas along the route or path to be traveled by a bus or
cther vehicle 13 carrying a responder device 14 thereon.
A first of the areas 15 is enclosed by the first receiver
leop 12A, but is outside of the other receiver locp i2B.
A second area is enclosed by both receiver loops I2A
and 12B, The third area 17 lies outside of the first
receiver loop 12A but within the loop 12B. As shown by
FIGURE 3, the response characteristics of the receiver
loops 12A and 12B provide an overlapping pattern with
a substantial area 1§ wherein respoase signals will be
received by both receivers, but having the further areas
15 and 17 wherein signals may be received by only one
receiver. The cutput signals from each receiver 19A and
198 include audio frequencies which are passed by an
amplifier 20 to the centfal office computer, and further
include direct potential switching levels for activation of -
switches 21A and 21B. The switches 21A and 2iB are
cross coupled by a circuit means 22 such.that the first
switch to operate will inhibit and prevent operation of
the second switch. A selective audio frequency generating
means 24 will provide a direction-of-travel signal deter~
mined by a selective operation of the switches 21A or 21B.
The amplifier 26 will pass audio signals to the central
office decoder from both receivers 12A and 19B identify-
ing the vehicle 13, from the circuit 24 indicating the direc-
tion-of-travel, and possible further ‘audic frequencies to
identify the particular response location.

The interrogator signal includes a carrier frequency
which is generated by a carrier signal oscillator 27,.and
a plurality of sideband frequencies generated by individual
oscillators 28 through 32, FIGURE 1. Each of the cir-
cuits 27 through 32 may be a conventional radio fre-
quency oscillator, but it is contemplated that these oscil-
lators may be constructed. in accordance with-a co-pend-
ing patent application entitled “Crystal Controlled Tran-
sistorized Oscillator,” Serial No. 15,914, filed on March
18, 1960, by Clarence.S. Jones and John Scarbrough, and
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assigned to the same assignee as the instant invention.
The radio frequency output signal from each of the oscil-
lator circuits 27 through 32 is coupled to a summing ampli-
fier 33 by summing resistors 34 through 3%. The sum-
ming amplifier 33 may be a conventional operational
amplifier as used in analog computing circuits, and may
include a feedback resistor 4¢. The carrier frequency is
directly combined with the sideband frequencies and
passed via a power amplier 41 to the transmiiter loop 1.
Thus, the interrogator signal includes a carrier frequency
and a plurality of sideband frequencies which are direct-
ly combined and which effectively constitute a single
sideband modulated carrier. This method of single side-
band modulation is described in a co-pending patent
application entiiled “Interrogator-Responder Signalling
System,” Serial No. 15,597, filed March 17, 1960, by
Robert A. Kleist, now Patent No. 3,036,295, and assigned
to the same assignee as the instant invention.

As shown in FIGURE 1, the transmitter loop 11 and
the two receiver loops 12A and 12B lie in a horizontal
plane mutually overlapping, and it is necessary to pro-
vide de-coupling networks to prevent any of the loops
from adversely affecting the other two. If no de-coupling
arrangement is provided, the two receiver loops 12A and
128 will appear as shorted turns magnetically coupled to
the transmitter loop 11 and would unduly load the trans-
mitter and cause inefficient operation thereof. Each of
the receiver loops 12A and 12B is provided with a
parallel tuned circuit or wave trap 43A and 43B. The
tuned circuits 43A and 43B each comprise an inductive
element coupled in parallel with a capacitor, and are
connected in series with the respective loops 12A and 12B
whereby the receiver loops 12A and 12B appear as
open circuits for the frequency of the interrogator signal.

In a similar manner, the transmitter loop 11 may
appear as a shorted turn inductively coupled to the two
receiver loops 12A and 12B. A pair of filter circuits or
wave traps 44A and 44B each comprising an inductive
element connected in parallel with a capacitor are con-
nected in series with the loop 11, Since each filter trap
44A and 44B is tuned to a respective one of the inter-
rogator response frequencies, the transmitter loop 11 is
effectively open circuited for these frequencies. A capac-
iter 45 is coupled across the inductive loop 11 to pro-
vide a broad tuning for the loop at the frequencies of
the carrier oscillator and the various sideband oscillators
27 through 32. Obviously, the two receiver loops 12A
and 12B being in the same plane and partially overlap-
ping, will have mutual inductance or magnetic coupling
therebetween. An air core transformer 46 provides a
similar mutual coupling of opposite phase and has re-
spective windings coupled in series with the loops 1ZA
and 12B. By adjustment of the transformer 46, the
mutual coupling between the loops 12A and 12B may
be effectively cancelled by the opposite mutual coupling
of the transformer.

A pair of serially coupled capacitors 47A and 48A,
together with a transformer 4%A provide an impedance
matching network between the inductive loop 12A and
the receiver 19A. Similar elements 47B, 48B and 43B
provide impedance matching between the loop 12B and
the receiver 19B. Two bandpass filters 50A and 50B
may be broadly tuned to pass the spectrum of radio fre-
quencies associated with the response signal, and the re-
ceiver response characteristics are sharpened to these
frequencies.

It is contemplated that each response signal passed to
the receiver 19A or 19B will comprise a response fre-
quency modulated by a selected three of a possible 10
audio frequencies. Thus, the signals are coded in a “3-

out-of-10” code which will each provide 120 unique com-
binations for vehicle identification. Of the 120 possible
combinations, 100 combinations may be used to provide
a printed output of two decimal digits. The combination
of signals received by both receivers 19A and 19B will
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4
therefore include 100X 100 unique combinations totalling
10,000 possible outputs for vehicle identification. The
actual decoding of the “3-out-of-10” codes to provide
the decimal output may be accomplished by the central
office computer in a manner which was generally dis-
closed by the patent application Serial No. 39,295, supra.

The audio tones reproduced by the receiver 19A may
be directly passed to the telephone line amplifier 20
through a coupling resistor 52. On the other hand, the
audio tones de-modulated by the receiver 19B must be
altered by a frequency changing circuit 53, to be de-
scribed subsequently, and the altered frequencies are
passed to the amplifier 20 via a coupling resistor 54. A
further selected audio tone indicating the direction of
travel of the vehicle is generated by the circuit 24 and
passed to the amplifier 20 via a coupling resistor 55.
One or more additional audio tones for the purpose of
identifying the particular interrogator location to the cen-
tral office may be generated by one or more circuits 56
in a manner to be described subsequently, and may be
passed to the amplifier 28 via a resistor 57.

The composite signal passed by the telephone line am-
plifier 29 therefore includes a plurality of selected audio
tones which provide the unique identification of the ve-
hicle, the direction of travel, and identification of the in-
terrogator station. A switch 59 coupled to the ampli-
fier 20 normally provides a short circuit to ground as
indicated in FIGURE 1, and prevents operation of the
amplifier 20. This switch is coupled to the direct po-
tential output terminals of both receivers 19A and i9B,
and will prevent operation of the amplifier 26 until the
responder device 14 has entered into the area 16 where-
upon both receivers 19A and 19B are simultaneously op-
erative. Normally, the output signals from any particu-
lar interrogator station will comprise a burst of audio
tones which will have a duration of less than 0.1 of a
second. Once the burst of signals has been transmitted
over the communication channel, to the central office, no
further signals will be transmitted from that particular
interrogator station until the responder device 14 has
moved away from the loops 12A and i2B whereupon
the interrogator station will again be responsive to any
further responder device. Means may be provided for
preventing operation of the amplifier 20 when the com-
munication circuit is already in use by another interro-
gator station. In the event that two different vehicles
move into interrogator stations simultaneously, the sta-
tion which first receives a complete response signal will
provide a first burst of audio tones over the communi-
cation channel while the second interrogator station re-
mains inactive for the 0.1 second interval required by
the first interrogator station for transmission of its sig-
nals. Ordinarily, a vehicle will not traverse the inter-
rogator loop area 16 in less than one second, and there-
fore, the identification information will not be lost even
though the communication channel is busy at the outset.

The responder device 14 as illustrated in FIGURE 2
may include a pair of passive response circuits. The
first circuit is shown in detail by the upper part of FIG-
URE 2, and the second circuit is indicated by the block
labeled “Response Circuit B” which will be understood
to include a structure similar to the first response circuit.
Each response circuit includes an inductance 61 and a
capacitor 62 constituting a tuned circuit tuned to be reso-
nant at the frequency of the interrogator signal. When
the responder device 14 moves within the field of the
interrogator loop 11, 2 mutual coupling between the lIoop
and the inductor 61 will cause oscillation in the circuit
61—62. A diode 63 de-modulates the interrogator sig-
nal to generate a direct potential from the carrier fre-
quency and ten audio tones from the sideband frequen-
cies. 'Three filter traps, 64, 65 and 66 are serially con-
nected with each other and with a capacitor 67 to pro-
vide attenuation paths for all of the audio tones except
for a selected three to which the circuits 64, 65 and 66
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are tuned. The capacitor 67 will block the flow of direct
current in the attenuation path. In any particular re-
sponse circuit a direct potential will exist bétween points
68 and 69 together with three of the audio tones which
are selected by the filters 64, 65 and 66. -

A transistor 70 together with a tuned circuit including
a transformer 71 and a capacitor 72 constitutes a re-
sponse oscillator. A resistor 73 and a diode 74 provide
a direct potential bias to sustain oscillation of the re-
sponse oscillator, and a capacitor 75 provides a radio
frequency bypass between the base electrode and the
emitter electrode of the transistor 70. The frequency
of the response circuit is determined by the tuning of the
resonant circuit 71—72, and the ferrite core of the trans-
former 71 will provide a mutual coupling between the
response circuit and one of the receiver loops 12A or
12B (FIGURE 1). In an exemplary form of this in-
vention, the interrogator frequency as determined by the
carrier oscillator 27 was established at 90 kilocycles and
the first response frequency established by the oscillator
76, 71 and 72 was equal to 235 kilocycles. The response
circuit B of FIGURE 2 is identical to the response circuit
A described above with the exception of the fact that
the response oscillator is tuned to a different frequency,
i.e., 223 kilocycles.

The response circuits of the device 14 will be inductively
or magnetically coupled to the loops of the interrogator
station through ferrite cores asscciated with the inductance
61 and the transformer 71. The responder device may
be mounted against a vertical wall (preferably the front
end) of the vehicle, such that the ferrite cores are posi-
tioned vertically, With the ferrite cores of the elements
63 and 71 vertical, there is a maximum inductive coupling
with the interrogator loops which are in a horizontal plane’
embedded in the paving of the street. When the respond-
er device is over the loops of the interrogator station, the
inductance 61 is magnetically coupled to the transmitier
loop 11, and the transformer 71 is magnetically coupled
to one of the receiver loops 12A and I2B. Because the
cores are vertical, the orientation of the vehicle with re-
spect to the traffic lanes is of no consequence, and there-
fore, the vehicle may go diagonally across the interrogator
location (i.e., changing lanes to pass another vehicle or
an obstruction) without decreasing the coupling or effec-
tive signal strength between the responder device and the
interrogator station. Because the responder device is
mounted outside on a wall of the vehicle, it has been
found that there is less adverse effect due to distortion of
the magnetic fields of the loops by the metallic mass of
the vehicle.

The operation of the receivers 19A and 19B may be
understood with reference to FIGURE 4. The response
signal is impressed upon an input terminal 77 by means
of the coupling network and bandpass filter previously de-
scribed. An input potentiometer 78 provides a gain con-
trol for the receiver. The input signals are coupled to a
transistor 79 by a coupling capacitor 8¢ and by a diode
bridge network including capacitors 81 and 82 and diodes
83 and 84. The base electrode and the emitter electrode
of the transistor 79 are biased by a resistive network in-
cluding resistors 85, 86 and 87. The emitter electrode is
coupled thereto by a resistor 88 and a capacitor 8% bypasses
the radio frequency currents to ground. A transformer
99 and a capacitor 91 together with a resistor 92 provide a
tuned circuit coupled to the collector electrode of the
transistor 79. The transistor 79 together with the tuned
circuit 90—91 constitutes a stage of tuned radio frequency
amplification (TRF). In an exemplary embodiment of
this invention, a receiver was constructed having several
such TRF amplification stages, but for the sake of sim-
plicity, this particular application shows one such stage.

A further stage of amplification is accomplished by two
transistors 94 and 95. The base electrode of the transistor
94 is directly coupled to the transformer 99 of the preced-
ing TRF stage. The emitter electrode of the transistor
94 is coupled to a positive reference potential by resistors
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95 and 96. A capacitor 97 bypasses the resistor 96 to an

ternating potential ground.” The collector electrode of
the transistor 94 is coupled to a negative reference po-
fential by a load resistor 98, and is directly connected to
the base electrode of the transistor 95. The transistor
95 is coupled as an emitter follower with the collector elec-
trode directly connected to the negative reference potential,
and with the emitter electrode coupled to the positive ref-
erence potential by resistors 9% and 1$90. *A capacitor
181 bypasses the resistor 168 to 4 point of alternating po-
tential ground, and the lower terminal of thé secondary
winding of the transformer 9§ is likewise bypassed to
ground.

- A ftransistor 183 is coupled to receive the RF signal
from the transistor 85 and functions as a detector or de-
modulating circuit. This transistor is connected as an
emifter follower with the collector electrode directly con-
nected to the negative reference potential and with the
emitter electrode coupled to ground potential by resistors
104 and 185. A capacitor 186 bypasses the resistor 185.
A coupling capacitor 197 passes the audio tones to an
output terminal 108.
© A resistor 110 and a transistor 111 constitute an auto-
matic gain control (AGC) coupling between the output
circuit of the receiver and the diode bridge network of
the input circuit. A capacitor 1i2 essentially filters the
AGC circuit by bypassing alternating currents therefrom
to ground. An RC network including a resistor 113 and
a capacitor 114 provide further attenuation of alternating
currents between the collector elecirode and the base €lec-
trode of the transistor 111. The coliector electrode of
the transistor 111 is coupled to a negative reference po-
tential by resistors 116 and 117. Further resistors 118
and 119 provide a coupling network between the AGC
transistor 111 and the diode bridge network‘ of the re-
ceiver input circuit.

A pair of transistors 121 and 122 develop a dlrect cur-
rent output for switching purposes, and provide a hystere-
sis characteristic for sta’biliza»t-ion of the receiver. The
base electrode of the transistor 121 is coupled to a positive
reference potential by a resistor 123 and is directly con-
nected to the AGC circuit. The transistor 121 is nor-
mally conductive such that a substantial voltage drop
appears across a load resistor 124 and the collector elec-
trode is normally at ground potential. The base elec-
trode of the transistor 122 is coupled to the collector elec-
trode of the transistor 121 by a resistor 125, and to a nega-
tive reference potential by a resistor 126. The transistor
122 is normally non-conductive since the base electrode
is held below ground potential by the negative ‘reference
potential and by the fact that the collector electrode of
the normally conductive transistor 121 is substantially
ground potential,

The AGC line 128 is normally at zero or ground po-
tential, and during times when signals are lmpressed upon
the receiver the potential of the AGC drops to a negative
value., - The negative potential impressed upon the base
clectrode of the tramsistor 121 renders this transistor non-
conductive whereupon the potential of the collector elec-
trode rises to the positive reference value, and the po-
tential of the base electrode of the transistor 122 likewise
becomes positive in value. With a positive bias being ap-
plied to the base electrode, the transistor 122 will become
conductive such that the voltage of the collector electrode
will drop to substantlally zero or ground potentlal The
collector electrode is directly connected fo the D.C. out-
put terminal 123, and therefore, the normal direct potential
ontput level equals the posmve reference potentlal +-E,
when no signal is present in the amplifier, When a signal
is present, the D.C. output voltage drops to zero or ground
value. A resistor 138 couples the direct voltage output to
the AGC line 128 and to the base electrode of the tran-
sistor $231. The Tresistor 138 provides a §light positive
feedback for the direct current circuit of "the transistors
121 and 122 such that the circuit partially holds itself in
a state of ¢ofiduction once an input signal appears at the
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receiver. This provides a hysteresis effect which adds
stability to the AGC system and to the direct voltage
output from the receiver, since the receiver will remain
off or inoperative until a signal of a pre-determined mini-
mum strength is received, and then the receiver will turn
on and remain operative,

The receivers 19A and 19B may be each tuned to a
separate response frequency to pick up the signal from a
different circuit of the responder device 14. However,
in each case the audio signals passed from the receivers
1%A and 19B is similar in that a selected three of the
same possible ten audio tones will be reproduced. Obvi-
ously, it is necessary to modify the tones from one of the
receivers such that they (the tones) will be distinguishable
at the central office decoder from the tones of the other
receiver. ‘This is accomplished by the frequency changer
circuit 53 which is more fully shown in FIGURE 6.

The frequency changer of FIGURE 6 receives the se-
lected audio tones at an input terminal 132, and an audio
amplifier 133 passes these selected tones to a balanced
modulator circuit i34, The balanced modulator circuit
may be similar to a modulator which is shown and de-
scribed in a textbook entitled “Information Transmission
Modulation and Noise,” by Mischa Schwartz, published
by the McGraw-Hill Book Company in 1959, with spe-
cific reference to section 4-3, beginning on page 164.
The balanced modulator 134 combines the audio tones
with the carrier signal received by a lead i35 from the
carrier oscillator circuit 27 (see FIGURE 1). The out-
put from the balanced modulator 134 comprises the car-
rier signal upon which the selected three audio tones
are modulated, and this output signal is passed by a radio
frequency amplifier 136 to another balanced modulator
circuit 137 which may be similar in form to that of 134.
The balanced modulator 137 combines the modulated car-
rier signal with another radio frequency signal developed
by an oscillator circuit 138. The combined signal is
passed through a low pass filter 139 to eliminate the radio
frequency portion thereof and to obtain further audio
signals which are passed by a final audio amplifier 14¢
to an output lead 141. Since the frequency of the oscil-
lator 138 and the carrier signal fed to the frequency
changer circuit via the lead 135 are somewhat different,
the effect of this frequency changer circuit is to first
beat the audio signals with the radio frequency of the
carrier wave, and thence to beat the combined signals
with another radio frequency to obtain a final set of se-
lected audio frequencies which differ from the frequencies
received by the receiver 19B.

In an exemplary embodiment of this invention, the car-
rier signal was established at 90 kilocycles, and the fre-
quency of the oscillator 138 was established at 93.05 kilo-
cycles. The various audio frequencies used by this ex-
emplary embodiment are as follows:

Audio channel: Frequency, c.p.s.
e 1050
2 e 1150
2 1250
4 e 1350
e J N 1450
6 1550
S 1650
8 e 1750
O e 1850
10 . — - - 1950
I 600
1D e 760
Northbound (or Eastbound) .o ___ 800
Southbound (or Westbound) _ o _______ 900
IM . e 2000
2M e e 1900
BM e 1800
AM e 1700
SM e e e e e 1660
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8
6M -— - 1500
TM e 1400
&M e 1300
SM .. e 1200
10M 1100

The first ten channels above include audio tones which
were obtained from detecting the response frequencies
and were initially determined by the difference between
the 90 kilocycle carrier and the sideband frequencies of
the oscillators 28 through 32. Although only five such
sideband oscillators are shown in FIGURE 1, any de-
sired number of oscillators may be used, and in the
above example, there were ten such oscillators. The
channels 1M through 10M are the modified frequencies
generated by the frequency changer circuit 53, and are
derived from the first ten channels which were de-modu-
lated by the receiver 19B.

The receiver identification channels ID-1 and ID-2
may be selectively derived from a difference frequency
generating circuit(s) 56. These signals are beat fre-
quencies obtained by combining the outputs from a first
sideband oscillator 28 and one or more other sideband
oscillators such as 29. The “northbound” and “south-
bound” direction indicating signals are also obtained as
the beat frequencies between a selected two of the side-
band oscillators.

FIGURE 5 illustrates the circuit of the switches 21A
and 21B, the difference frequency generator 24 and the
switch 59 all shown as blocks in FIGURE 1. The
switch 21A comprises a transistor 143 which is coupled
to a direct current input lead 144 from the receiver 19A
by a resistor 145. Similarly, the switch 21B comprises a
transistor 146 having a base electrode coupled to a direct
current input terminal 147 via a resistor 148. Normally,
both the transistors 143 and 146 are non-conductive and
the collector electrodes thereof will assume a negative
reference voltage since each is coupled thereto by a re-
sistor 149 or 158. The normally negative voltage of the
collector electrode of the transistor 146 is coupled to the
base electrode of the transistor 143 by a resistor 151,
andl the normally negative voltage of the collector elec-
trode of the transistor 143 is coupled to the base elecirode
of the transistor 146 by a resistor 152. The resistors
159 and 151 and further resistors 153 and 145 norma}ly
provide a potential dividing circuit between the negative
reference potential and the positive reference potential.
The positive reference potential normally applied to the
input terminal 144 has a greater influence upon the bias-
ing of the base electrode of the tramsistor 143 than the
potential applied through the resistor 153, since the re-
sistor 153 is substantially greater in value than the re-
sistor 145. Similarly, the resistors 149 and 152 together
with a resistor 154 and 148 normally provide a further
potential dividing network for biasing the base electrode
of the transistor 146. In this manner, both base elec-
trodes of the iransistors 143 and 146 are biased positive-
ly and the tramsistors are both rendered non-conductive.

If we assume, by way of example, that a signal is first
passed by a receiver 19A, the direct voltage level of the
input terminal 144 will drop from a positive reference
value to a zero value, and this change of voltage will be
coupled to the base electrode of the transistor 143 by the
resistor 145. A resistive network including the resistors
145, 150 and 151 and 153 are such that when the input
voltage drops to zero, the base electrode of the transistor
143 will be biased negatively with respect to ground, and
the transistor 143 will become conductive. When the
transistor 143 conducts, the collector electrode thereof
assumes a voltage which is substantially zero or ground
voltage, and this eliminates the effect of the negative ref-
erence potential coupled thereto by the resistor 149.
Since the negative reference potential is effectively re-
moved from the collector elecirode of the transistor 143,
the resistor 152 couples this ¢hange of potential to the
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base electrode of the transistor 146 and to prevent con-
duction therein. Thus, it may be appreciaied that con-
duction through the transistor 143 prevents conduction
through the transistor 146. By similar logic it may be
seen that conduction through the transistor 146 will pre-
vent conduction through the transistor 143.- Thus, if
conduction is initiated in either of the transistors 143 or
146, that transistor which first conducts inhibits or pre-
vents conduction in the other transistor.

Continuing the above example wherein the receiver
1A was the first to pass signals such that conduction
was initiated in the transistor 143, the change in the
collector voltage (from --E to zero) is coupled via a
resistor 156 to bias a diode 157 and to permit conduc-
tion therethrough. A resistor 158 provides a coupling
between the diode 157 and an input terminal 159 con-
necting to the oscillator 3¢ (see FIGURE 1). With the
diode 157 conductive the oscillator signal is passed via a
capacitor 160 to the base electrode of a transistor 161.
On the other hand, if the transistor 146 has become con-
ductive, the collector voltage therefrom coupled via a
resistor 163 would have biased a diode 164 into conduc-
tion, and a signal from the oscillator circuit 31 would
have passed via a lead 185, a resistor 166, the diode 164
and a capacitor 167 to the transistor 161. Therefore,
the transistor 161 will receive a selected one of the oscii-
lator signals depending upon which transistor 143 or
146 was first to become conductive.

As indicated heretofore, FIGURE 3 illustrates the re-
sponse characteristics of the receivers i%A and 15B as re-
lated to the physical layout of the conductive loops 11,
i2A and 1ZB. A dashed line 168 represents the thresh-
old level at which the receivers 19A and 19B will gen-
erate signals to cause operation of the switches 21A,
218 and 59. A curve, 16%A, is representative of the re-
sponse characteristics of the receiver 194, and. it will be
appreciated that the area 15 is defined generally to be
within the loop #2A but outside the loop 12B; however,
this may be more precisely defined as that area wherein
the signal strength of the curve 69A exceeds the thresh-
old level 168. Similarly, a curve 169B corresponds with

the response characteristics of the receiver 19B and is.

generally within the area of the loop 12B. It may be
appreciated that the areas 15, 26 and 17 may represent
signal response characteristics, but in a more practical
sense, these areas coincide with the loop conductors or
boundaries. Thus, when a responder device 14 moves to

a position immediately over an area bounded by a loop, it.

may be said to be “within the loop,” and conversely, a
responder device is deemed “outside the loop” when
carried by the vehicle beyond the loop boundaries. In all
such cases, the responder device is carried by the vehicle
at a height of the order of two feet above the actual plane
of the lcop which is approximately one inch below the
street surface.

The difference frequency generating circuit 24 receives
a first radio frequency signal from the osciilator 28 via
a lead 25, a resistor 176 and a capacitor 171. This radic
frequency signal is combined with the signal from the
input leads 159 or 165 depending upon which of the
transistor-diode switches 21A or 2iB have become con-
ductive. The emitter electrode of the transistor 161 is
coupled to the ground reference potential by a resistor
172 and the base electrode of the transistor 161 is coupled
to the ground reference potential by a tuned circuit 173
including a capacitor and an inductance. The circuit 173
is tuned broadly to the radio frequencies of the sideband
oscillators. The transistor 161 essentially detects the com-
bined signals of the two radio frequency oscillators to
develop the audio beat frequency difference signal there-
from. Since the control electrodes of the transistor 161
are not biased with direct potential levels, this transistor
will operate only upon the negative lobes or wave portions
impressed upon the base electrode thereof, and as such

3,080,042

10

15

20

25

30

40

45

50

55

10

will be essentially a class B amplifier. The collector elec-
trode of the transistor 161 is coupled to a negative refer-
ence potential by a load resistor 174 and is coupled ‘to
ground potential by a capacitor 175. The capacitor 175
effectively bypasses the radio frequency currents to
ground, and the audio frequency is filtered therefrom.
The audio output frequency is effectively the difference
between the two input radio frequencies, and this output
signal is passed to the audio amplifier 20 via a capacitor
176 and the resistor 55 together with other andio input
signals from the receivers 1$A and 19B.

- In summary, the means for generating and passing an
audio tone signal indicative of the direction of travel of
the vehicle, includes the arrangement of the receiver loops
12A and 12B such that one receiver will pass signals be-
fore the other receiver, and the arrangement of the
switches 21A and 21B such that the switch which first
receives signals will operate and will effectively pre-empt
or inhibit the other switch from operating. The switches
21A and 21B include the transistor-diode combinations
143—157 and 146—164 which will selectively pass R.F.
signals from the oscillator 3¢ or the osciliator 31. The
direction indicating audio tone is generated by the circuit
24 which combines the R.F. signal from the oscillator 28
with the R.F. signal selectively passed by the switch 21A
or 21B (the dicde 157 or 164). Since the circuit 24 gen-
erates an audio tone which is the difference between the
R.F. frequencies, the frequency of the tone is deter-
mined by which of the switches 21A or 2iB operates,
and the switch operation is determined by which of the
loop areas 15 or 17 is first entered by the responder de-
vice 14.

The difference frequency generator 24 shown in detail
as a part of FIGURE 5 may be substantially duplicated
to provide the difference frequency generator 56. . Indeed,
as indicated heretofore, particular interrogator stations
may or may not include the circuit of the difference fre-
quency- generator 56. For example, if two interrogator
stations were coupled to share a. single communication
channel to the central office, one of the interrogator sta-
tions need -have no difference frequency generator since
the absence of any audio tone would identify one inter-
rogator station while the presence of such a tone: would
identify another station. The use of two identification
frequencies as indicated in the foregoing table, four dif-
ferent interrogator stations may share . the ‘same .com-
munication channel, and will identify themselves by the
presence or absence of ‘these particular tones.  In such
case, one of the interrogator -stations would require two
separate: difference frequency generators. By providing
a third possible station identification signal, it would ‘be:
possible for eight interrogator stations to share the same
communication channel by use of a binary coded arrange-
ment.

As indicated heretofore, the aundio signals from an in-

- terrogator station are not passed to the.central office
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decoder until the responder device 14 has moved into the
area 16 to activate both receivers 12A and -19B. The
switch 59 comprises a transistor 178 which is normally
conductive to effectively ground the summing input to-the
amplifier 29. The emitter electrode of the transistor 178
is directly comnected to the ground reference potential;-
and the base electrode thereof is coupled to a negative
reference voltage by a resistor 179, and is further coupled
to the input terminals 344 and 147 via resistors 186 and
181.  Normally, the input voitage levels of the input-leads
144 and 147 are equal to the positive reference potential,
--E, and therefore, the transistor 178 is normally biased
into conduction. When the responder device 14 enters
one of the receiver loops (the area 3 or the area 17),
one of the input levels of the terminals 144 or 147 will
drop from the positive reference potential {o zero, but
because of the effect of the other positive reference po-
tential, the transistor will remain conductive. However,
if the responder device 14 moves into area 1§, both re-
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ceivers will pass signals and the input potential of both
terminals 144 and 147 will drop to a zero value. In this
event, the base electrode of the transistor 178 becomes
negatively biased with respect to the emitter electrode,
and the transistor 178 is rendered non-conductive. With
the transistor 178 non-conductive, the ground connec-
tion is removed from the input of the amplifier 29, and
the audio frequencies are permitted to pass therethrough.
1t may be appreciated that the switch 59 effectively oper-
ates as an AND gate to pass the audio signals only dur-
ing times when both receivers 19A and 1SB have be-
come oOperative.

The interrogator-responder system described heretofore,
is capable of uniquely identifying responder devices and
vehicles carrying such devices using two separate three-
out-of-ten codes such that the combination will produce
a total of 10,000 unique combinations for purposes of
identification. Certain simplifications on this system are
possibie if merely 100 unique combinations are required.
In such a case, the responder device 14 of FIGURE 2 may
include only one passive response oscillator circuit and
the respomse circuit B indicated in this figure may be
eliminated. In this case, both of the receivers 19A and
19B will be tuned to the same response frequency, but
the audio output from one of the receivers 19B and the
frequency changing circuit 53 may likewise be eliminated.
In the simplified case of one response circuit, the audio
frequencies representative of two decimal digits will be
passed by the receiver 13A and the receiver 13B may be
simplified to merely provide the direct potential output
via the lead 147 to the switches 21B and 59. The simpli-
fied system would provide two decimal digits rather than
four decimal digits for identification and in such case the
loop configuration with the areas 15, 16 and 17 together
with the dual receivers and switches would continue to
function in a direction sensing capacity.

Changes may be made in the form, construction and
arrangement of the parts without departing from the spirit
of the invention or sacrificing any of its advantages, and
the right is hereby reserved to make all such changes as
fall fairly within the scope of the following claims.

The invention is claimed as follows:

1. An interrogator-responder signalling system com-
prising a transmitter operable to generate an interrogator
signal, a first receiver, a second receiver, and a responder
device movable into spaced relation with the transmitter
and the receivers, said responder device being operable to
detect the interrogator signal and to generate a coded
response signal, each of said receivers including an induc-
tive loop for receiving the response signal, the inductive
loops being arranged to partially overlap such that three
areas are defined into which the responder device may
move, a first of the areas being included within the loop
of the first receiver and outside the loop of the second
receiver, a second of the areas being within both receiver
loops, and the third area being outside the loop of the first
receiver and within the loop of the second receiver.

2. An interrogator-responder signalling system com-
prising an interrogator station at a fixed location along
the path of a vehicle to be identified and a responder de-
vice movable with the vehicle along the path and into
spaced relation with the interrogator station, said inter-
rogator station including a transmitter and an inductive
loop associated with the transmitter for generating an
interrogator signal, said responder device including means
for detecting the interrogator signal and means for gen-
erating a coded response signal identifiable with the ve-
hicle, said interrogator station including a first receiver
having a first inductive loop and a second receiver having
a second inductive loop, said inductive loops being ar-
ranged in a configuration to define three areas, a first of the
areas being within the first inductive loop of the first re-
ceiver and outside of the second inductive loop of the sec-
ond receiver, a second of the areas being within the induc-
tive loops of both receivers, and the third area being out-
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side the inductive loop of the first receiver and within the
inductive loop of the second receiver, and a switching
means coupied to receive signals from said receivers and
operable to pass a selected signal indicative of the direction
of travel of the vehicle, said switching means being oper-
able to pass a first selected signal when the responder de-
vice moves into the location of the interrogator station by
initially entering the first area of the loops and being
further operable to pass a second selected signal when the
responder device initially enters the third area of the
loops.

3. The interrogator-responder signalling system in ac-
cordance with claim 2 wherein the switching means com-
prises a first and a second controllable conduction de-
vice, each of said controllable conduction devices being
normally biased in a first conduction state, each con-
trollable conduction device being coupled to receive sig-
nals from a respective one of the receivers and being
operable to change conduction state when a receiver
passes signals thereto, said controllable conduction device
being cross-coupled with each other whereby a change of
the conductive state of one of the devices inhibits change
of the conductive state of the other device.

4. The interrogator-responder signalling system in ac-
cordance with claim 2 wherein the switching means com-~
prises two transistors each having a control electrode
coupled to receive direct voltage levels from a respective
one of the receivers, each of said transistors being nor-
mally biased into a state of non-conduction, each transis-
tor being operable to change into a state of conduction
when the direction current level from the respective re-
ceiver is changed, said transistors being cross-coupled with
each other such that when one of the transistors is ren-
dered conductive, the other transistor is inhibited from
becoming conductive.

5. An interrogator-responder signalling system com-
prising an interrogator station at a fixed location along
the path of a vehicle to be identified and a responder
device movable with the vehicle along the path and into
spaced relation with the interrogator station, said inter-
rogator station including a transmitter and an inductive
loop associated with the transmitter for generating an
interrogator signal including a carrier wave and a plu-
rality of sideband waves, the responder device including
means for detecting the interrogator signal and for de-
riving audio signals corresponding with the sideband
waves of the interrogator signal, said responder device
including coding means for passing selected ones of the
audio signals and further including oscillator means for
generating a response signal having the selected audio
signals modulated thereon, said interrogator station in-
cluding a first receiver having a first inductive loop and
a second receiver having a second inductive loop, said
inductive loops being in a configuration to define three
areas, a first of the areas being within the inductive loop
of the first receiver and outside the inductive loop of the
second receiver, a second of the areas being within the in-
ductive loops of both receivers, and the third area being
outside the inductive loop of the first receiver and within
the inductive loop of the second receiver, a first switch-
ing means coupled to both receivers and operable to pass
another selected audio signal indicative of the direction of
travel of the vehicle, and a second switching means cou-
pled to both receivers and operable to pass signals only
when both receivers have been activated by the presence
of a responder device within the second area defined by
the receiver loops.

6. The interrogator-responder signalling system in ac-
cordance with claim 5 comprising an amplifier for passing
signals to a central office location, said second switching
means including a transistor coupled between the ampli-
fier and a ground reference potential and being normally
conductive to effectively short circuit input signals to
the amplifier, said switching means being coupled to re-
ceive direct current levels from both receivers, said se¢-
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ond switching means being rendered non-conductive by
the signal levels from the receivers when the responder
device moves into the second area of the receiver loop
such that signals are passed to the amplifier from both
receivers.

7. An interrogator-responder signalling system com-
prising a transmitter operable to generate an interrogator
signal, a first receiver, a second receiver, and a responder
device movable into spaced relation with the transmitter
and the receivers, said responder device including two
response circuits each being operable to detect the carrier
signal and to generate a coded response signal, each of
said receivers including an inductive loop and being tuned
to receive a respective one of the response signals from
the responder device, the inductive loops being arranged
to partially overlap such that three areas are defined into
which the responder device may move, a first of the
areas being included within the loop of the first receiver
and outside the loop of the second receiver, a second of
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the areas being within both receiver loops, and the
third area being outside the loop of the first receiver and
within the loop of the second receiver, switching means
coupled to both receivers for passing a signal when the
responder device is within the second area of the re-
ceiver loops whereby a combined signal is passed to a
central office location including identification information
from both receivers.

8. The interrogator-responder signaling system in ac-
cordance with claim 7 comprising a frequency changing
circuit coupled to receive signals from one of the re-
ceivers and operable to pass modified signals to the switch-
ing means and the central office location whereby the
signals of the two receivers will be distinguishable from
each other in the combined signal passed to the central
office location.

No references cited.




